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were popular in England, e.g. Le
Fontane di Roma, 1916. Music for
the ballet, The Birds, is by Res-
pighi. He became professor of
composition at the royal school of
S. Cecilia, Borne, 1913, succeeding
as principal in 1924. He died
April 18, 1936.

Respiration. Process which
leads to the liberation of energy
within the body of a living or-
ganism. The most widely known
form of respiration involves the
intake of oxygen and the giving
out of carbon dioxide, an exchange
of gases which in higher animals
is usually spoken of as external

'Inspiration

Respiration.    Diagram illustrating

the movements of the diaphragm

during respiration

respiration, in contrast to internal
(or tissue) respiration. In this
latter process energy is actually
released within the cells. In higher
animals the lungs, chief organs of
external respiration, are inflated
when downward contraction of
the diaphragm (abdominal respi-
ration) and upward movement of
the ribs (thoracic respiration)
cause enlargement of the chest,
to be deflated by reverse changes.
Marine animals breathe by means
of gills. In most higher plants
gaseous exchange occurs between
the atmosphere and the inter-
cellular spaces, mainly through the
stomata of leaves and young stems
and the lenticels of woody stems
and roots.

In man the organs through
which respiration is effected are
the air passages, composed of the
larynx, trachea and bronchi, and
the lungs, the structure of each of
which is described under its appro-
priate heading. The movements of
the thorax are caused by certain
muscles which, by contracting,
bring about an increase in the vol-
ume of the chest cavity. The lungs
expand with this increase of vol-
ume, and air is drawn into them
through the air passages. This is
the process of inspiration and is a
muscular act. The respiratory
muscles now relax, and the elastic
recoil of the chest and lungs expels
the air. This is expiration, and in
ordinary quiet breathing entails no
muscular effort.

The ordinary muscles of respira-
tion are : (1) the diaphragm,which
is dome-shaped and forms the floor
of the thoracic cavity. On con-
traction the diaphragm is drawn
downwards, and the vertical dia-
meter of the chest is increased.
(2) The intercostals, or muscles
between the ribs. The upper ribs
being fixed by the muscles of the
neck, the contraction of the inter-
costals raises the lower ribs and
enlarges the lateral and anterior-
posterior diameters of the thorax.

In extraordinary or forced in-
spiration, such as occurs when
there is obstruction to the entry of
the air, or in coughing, additional
muscles come into play, particu-
larly the sterno-mastoid, serratus
inagnus, pectoral, and trapezius
muscles. In forced expiration the
abdominal muscles also contract
and, by pressing on the viscera, push
up the diaphragm and thus help
to expel the air from the lungs.
In men, the respiratory movements
are most marked in the lower part
of the chest and the abdomen (in-
ferior costal type). In women, the
movements in the upper part of the
chest are more marked, and those
of the lower part of the chest less
obvious (superior costal type). The
lungs are not completely emptied
at the end of each expiration.

The following terms are used for
the quantity of air breathed or in
the lungs : Tidal air is the amount
ordinarily breathed in and out,
and in a healthy adult man is
about 30 cu. ins. Complemental
air is the amount in addition to
the tidal air which can be drawn
into the lungs by the deepest
forced inspiration, and is on the
average 100 cu. ins. Reserve or
supplemental air is the amount
over and above the tidal air which
can be expelled by deep forcible
expiration, and is about 100 cu.
ins. Kesidual air is the amount
which still remains in the lungs
after the most violent expiratory
efforts, and amounts usually to
about 100 cu. ins.

Bate of Inspiration

The effect of continuous mus-
cular effort, as in running a race,
is greatly to increase the amount of
air inhaled and exhaled at each
respiration, and the establishment
of tli^s process is popularly known
as " gee 1 ing the second wind." The
rate of respiration in a healthy
adult, is from 14 to 17 per minute.
It is ir-creased by exercise, febrile
conditions, and certain diseases
of the lungs. The total quantity
of air inhaled and exhaled during
24 hours by a healthy adult varies
from 400,000 to 650,000 cu. ins.

Regulation of the rhythmic move-
ments of respiration" is controlled
by a respiratory centre in the brain,
by the vagus nerves, and by the
chemical condition of the blood.
Cheyne-Stokes respiration (g.r.)
is a condition in which the breath-
ing gradually becomes deeper for a
brief period, and then shallower
until it almost ceases.
Artificial respiration is explained
in a separate article,
Respirator. Device to enable
breathing to be maintained in an
atmosphere poisonous or other-
wise harmful; to provide breath-
able air where no atmosphere
exists; or to enable medicated
vapours to be inhaled.
Industrial respirators are of
various types, but basically the\
consist of a mask covering tho
mouth and nostrils and "fitted
with a filter. For breathing in a
dust-laden atmosphere the air
is filtered through fine gauze, and
if steel particles are present the
gauze is magnetised. Respirators
for use in atmospheres containing
carbon monoxide are self-genera-
tive. Compressed air and oxygen,
stored in cylinders strapped to
the wearer, are drawn through a
valve to lower the pressure, and
then inhaled. The exhaled air is
blown through a valve into a
chamber where it is filtered by
soda lime or other absorbent and
returned to the breathing circuit.
Thus the same air is breathed
several times over. The self-
generative respirator is used by
firemen working in smoke, mine
rescue parties, and divers in free
diving-suits.
Respirators which supply oxygen
are used by the crews of high-
flying aircraft. In this respirator
the exhaled air escapes to the
atmosphere and the respirator
ceases to function after the oxygen
cylinder is exhausted, A similar
respirator is worn by divers in
non-self-contained suits. Air from
the surface is forced down a tube
and through a valve into the
helmet, the exhaled air escaping
through an outlet valve.
Military respirators were intro-
duced in" 1915 following the first
use of chlorine gas by the Germans
that year. They consisted of a
flannel bag to cover the wearer's
head, the ends being tucked into
the neck of the tunic. The bag,
which was provided with a mica
window, was impregnated with
sodium carbonate, which combines
with chlorine and purifies the air
passing through it. Later, when
the Germans commenced using
phosgene, the flannel was impreg-